Effects of time and experience on hippocampal neurochemistry after damage to the CA3 subfield.
Bilateral injections of kainic acid into the hippocampal CA3 subfield destroyed the CA 3 pyramidal cells and produced a behavioral impairment, an inability to solve spatial maze problems. The behavior recovered, however, with daily experience in a maze task, and the rate of recovery was accelerated by additional daily experience. This recovery of function could be the result of compensatory changes in the distribution or function of the various hippocampal pathways. In the present experiment, this possibility was investigated neurochemically. Five putative neurotransmitters or their synthetic enzymes were measured in dissected regions of the hippocampal formation. Both the long-term effects of the lesions and the effects of behavioral training were determined. A number of alterations in hippocampal neurochemical systems were detected. Acute changes due to the lesions included a widespread loss of glutamate, and regionally specific decreases in glutamic acid decarboxylase (GAD) activity and cholecystokinin (CCK) and norepinephrine (NE) concentrations. Long-term changes included a decline in choline acetyltransferase (ChAT) activity throughout the hippocampal formation, and increases in NE in certain regions. Behavioral testing prevented the decline of ChAT activity, and increased the concentrations of GAD and CCK. The neurochemical conditions present at the time when trained rats recovered behavioral function may indicate the crucial conditions for the occurrence of the behavior.